Context. High-energy γ-rays, which are produced by powerful relativistic jets, are usually associated with blazars and radio galaxies. In the current active galactic nuclei (AGN) paradigm, such jets are almost exclusively launched from massive elliptical galaxies. Recently, however, Fermi/LAT detected γ-rays from a few narrow-line Seyfert 1 galaxies and thus confirmed the presence of relativistic jets in them. Since NLS1 galaxies are assumed to be young evolving AGN, they offer a unique opportunity to study the production of relativistic jets in late-type galaxies. Aims. Our aim is to estimate by which processes the emission of various kinds is produced in NLS1 galaxies and to study how emission properties are connected to other intrinsic AGN properties. Methods. We have compiled the so far largest multiwavelength database of NLS1 sources. This allowed us to explore correlations between different wavebands and source properties using, for example, Pearson and Spearman correlations and principal component analysis. We did this separately for radio-loud and radio-quiet sources. Results. Multiwavelength correlations suggest that radio-loud sources host relativistic jets that are the predominant sources of radio, optical, and X-ray emission. The origin of infrared emission remains unclear. Radio-quiet sources do not host a jet, or the jet is very weak. In them, radio and infrared emission is more likely generated via star formation processes, and the optical and X-ray emission originate in the inner parts of the AGN. We also find that the black hole mass correlates significantly with radio loudness, which suggests that NLS1 galaxies with more massive black holes are more likely to be able to launch powerful relativistic jets.
Introduction
Narrow-line Seyfert 1 galaxies (NLS1) are a subclass of Seyfert galaxies first described in 1985 by Osterbrock & Pogge (1985) . They are mostly hosted by spiral galaxies; however, a few of them are found in peculiar, interacting, or E/S0 systems (Ohta et al. 2007 ). Optical studies suggest that the disk-like host galaxies of NLS1 galaxies are more often barred (85 ± 7 %) than are the disk-like hosts of broad-line Seyfert 1 galaxies (BLS1) (40 -70 %) (Ohta et al. 2007 ).
NLS1 galaxies are believed to be rather young active galactic nuclei (AGN) in the early stages of their evolution (Mathur et al. 2001 ). They harbor low-or intermediate-mass black holes (M BH < 10 8 M ) (Peterson et al. 2000) accreting at high rates (0.1-1 Eddington rate or even above) (Boroson & Green 1992) and tend to lie below the normal M BH -σ * (stellar velocity dispersion of the bulge) and M BH -L bulge (luminosity of the bulge) relations (Mathur et al. 2001) , suggesting that they are still evolving. Radio-quiet NLS1 galaxies also show enhanced star formation (Sani et al. 2010) .
In NLS1 galaxies permitted emission lines are narrow, making them of comparable width with narrow forbidden lines. Characterizing spectral features are FWHM(Hβ) < 2000 km s (Osterbrock & Tables 1, 2, 5, 7, 8, 12, and 13, and Figures 2, 4, 5, and 7 are only available in electronic form via http://www.edpsciences.org e-mail: emilia.jarvela@aalto.fi Pogge 1985) . Some but not all NLS1 sources show strong Fe II emission (Osterbrock & Pogge 1985) . NLS1 sources show a strong soft X-ray excess, and some of them also exhibit very rapid, high-amplitude variability at Xrays. Overall they have more diverse soft X-ray (0.1-2.5 keV) photon indices (Γ ≈ 1 -5) than Type 1 Seyfert galaxies (Γ ≈ 2) (Boller et al. 1996) . There is a relation between FWHM(Hβ) and the X-ray spectral slope α X . Sources with narrower Hβ tend to have steeper X-ray spectra (Puchnarewicz et al. 1992; Boller et al. 1996) .
NLS1 sources are generally radio-quiet, but studies have shown that ∼7% of them are radio-loud (Komossa et al. 2006 ). However, they generally have a very compact radio morphology; evidence of large scale structures has been found only in six NLS1 sources (Gliozzi et al. 2010; Doi et al. 2012 ). All of these sources are radio-loud and have on average more massive black holes than the NLS1 population in general. Five of six sources have M BH > 10 7 M (Doi et al. 2012 ).
The spectral energy distributions (SEDs) of some radio-loud NLS1 sources are similar to the SEDs of blazars. In them the most prominent features are two broad components, one extending from radio to soft X-rays and the other covering hard Xrays and γ-rays. The first bump is believed to be due to synchrotron emission and the second bump due to inverse-Compton (IC) scattering.
Although some NLS1 galaxies show blazar-like behavior, no γ-ray emission was expected due to their host galaxy type. That changed in 2008 when the Large Area Telescope 1 onboard Fermi Gamma-ray Space Telescope 2 (hereafter Fermi) detected γ-ray emission from the source PMN J0948+0022 identified as a NLS1 galaxy (Abdo et al. 2009a ). Consequently two multiwavelength campaigns were launched to better understand its nature. During the first campaign (March-July 2009) it was confirmed that the γ-ray emission is indeed associated with the known radio-loud NLS1 PMN J0948+0022 (Abdo et al. 2009b; Yuan et al. 2008) . Later, during the second multiwavelength campaign (July-September 2010) it flared at γ-rays and reached the extreme power of ∼10 48 erg s −1 in the 0.1-100 GeV band .
So far five NLS1 sources have been detected with high significance at γ-rays confirming that they are a new class of γ-ray emitting AGN, in addition to blazars and radio galaxies. The discovery of γ-ray emission from NLS1 galaxies was remarkable because in the current AGN paradigm powerful relativistic jets are almost exclusively launched from massive elliptical galaxies with supermassive black holes (Urry 2003) . Blazars and radio galaxies, and NLS1 galaxies have different hosts (late-type in NLS1 galaxies), M BH (smaller in NLS1 galaxies), accretion rates (higher in NLS1 galaxies), and radio morphologies (compact in NLS1 galaxies). Yet we now know that NLS1 galaxies can form and launch a fully developed relativistic jet. This poses many interesting questions concerning AGN and relativistic jet evolution, and challenges our current knowledge of jet systems. Therefore, NLS1 galaxies offer a great opportunity to study the evolution of relativistic jets and further our understanding about the mechanisms that drive AGN activity.
In this study our aim is to estimate via which processes and, if possible, where the various kinds of emission are produced in NLS1 galaxies. We address this issue by compiling multiwavelength observations from literature for a large sample of NLS1 sources. This allows us to explore correlations between different wavebands, and identify the most likely radiation mechanism responsible for the bulk of the energy released in NLS1 sources. We are also interested in how the emission properties are connected with other intrinsic AGN properties, for example, the black hole mass.
Throughout the paper we assume a cosmology with H 0 = 73 km s −1 Mpc −1 , Ω matter = 0.27 and Ω vacuum = 0.73.
Sample selection
Our sample was selected using three references: Zhou et al. (2006) , Yuan et al. (2008) , and Komossa et al. (2006) . The original sample in Zhou et al. (2006) consists of 2011 NLS1 sources selected from Sloan Digital Sky Survey 3 (SDSS) Data Release 3 with restrictions z 0.8 and the 'broad' component of Hβ or Hα narrower than 2200 km s −1 at the 10 σ or higher confidence level. From this sample, using ASI Science Data Center's (ASDC 4 ) Sky Explorer and SED Builder, we selected sources which had radio data from the Very Large Array (VLA) Faint Images of the Radio Sky at Twenty-Centimeters (FIRST 5 ) survey. This makes a total of 280 sources which we included in our sample.
The sample in Yuan et al. (2008) consists of 23 radio-loud NLS1 sources selected from SDSS Data Release 5 under the same restrictions as in Zhou et al. (2006) . 12 of them overlap with the Zhou et al. (2006) sample; we included the remaining 11 new sources to our sample.
Our third reference Komossa et al. (2006) has a sample of 11 radio-loud NLS1 sources found by cross-correlating the Catalogue of Quasars and Active Nuclei (Veron-Cetty & Veron 2003) with several radio and optical catalogs using the cross-matcher application developed within the German Astrophysical Virtual Observatory (GAVO) 6 project. The sample was limited by the requirement Hβ < 2000 km s −1 . From Komossa et al. (2006) we were able to include only one source to our sample since some of them overlapped sources from Zhou et al. (2006) and Yuan et al. (2008) , and some of them did not have radio data. Our final sample consists of 292 NLS1 galaxies.
All the data for our sample were gathered from publicly available archival sources, and it should be noted that they are therefore not simultaneous. Studying correlations between wavebands of variable sources, such as AGN, should ideally be performed with data that are no more than a couple of weeks apart, but in practise this is often impossible. Radio data from FIRST, optical data from SDSS, and X-ray data from ROSAT 7 All Sky Survey (RASS) were retrieved from ASDC. We have radio and optical data for all of our sources, and X-ray data for 109 sources (hereafter called the X-ray sample). Data obtained from ASDC were already corrected for galactic extinction.
Infrared data from Wide-field Infrared Survey Explorer (WISE 8 ) All-Sky Source Catalog 9 (Cutri & et al. 2012 ) were retrieved from the NASA/IPAC Infrared Science Archive (IRSA 10 ). We used a search radius of 2 . 4 (Massaro et al. 2011 ) and a minimum signal-to-noise ratio >7 in at least one band. We found a match for 291 sources. Nine sources were excluded from the sample due to the contamination risk 11 , thus we have infrared data for 282 sources. Infrared data are not corrected for the galactic absorption because the correction would be smaller than the uncertainties in magnitudes. Flux densities (in Janskys) were computed using the WISE magnitudes 12 . Additional W4-band correction suggested by the WISE Explanatory Supplement was done for 'red' sources with α > 1 (α being power-law index: F ν ∝ ν −α ). α was estimated using [W1-W2] and [W2-W3] colors and a table in Wright et al. (2010) . Corrections were computed with the equation:
. Flux densities for all of our sources are listed in Online Table 1 .
Luminosities for all wavebands were computed from the equation
where D L is the luminosity distance to the source and F ν flux density in Janskys. D L values were obtained from the NASA/IPAC Extragalactic Database 13 (NED).
Data analysis

Radio-loudness
We computed radio loudness (RL) for all of our sources. We used the commonly defined RL value; the ratio of 1.4 GHz radio flux density (F R ) and 440 nm optical flux density (F O ). For F R we used the K-corrected (we did K-correction as suggested in Foschini (2011)) radio flux density from the FIRST survey and for F O the K-corrected B-band optical flux density calculated using SDSS u-and g-band magnitudes 14,15 . The radio loudness values for our sources are listed in Online Table 2 .
We then divided the sources to four subsamples by their radio loudness. The subsamples are: radio-quiet (RQ; RL < 10, 97 sources), radio-loud (RL; RL > 10, 195 sources), very radioloud (VRL; RL > 100, 51 sources), and super radio-loud (SRL; RL > 1000, 10 sources). The radio-loud subsample includes very radio-loud and super radio-loud subsamples. The subsamples and their sizes by waveband are presented in Table 3 .
Parent population
We used the two-sample Kolmogorov-Smirnov test (hereafter K-S test) with 5% significance level (probability value p<0.05) in order to examine whether the parent population of our radioquiet and radio-loud subsamples is the same.
Mean redshifts and standard deviations for the different subsamples are given in Table 3 . The K-S test for redshift suggests that our radio-quiet and radio-loud subsamples are not originally from the same distribution (p=1.42×10 −4 ). The distributions are shown in Figure 1 . In our sample, radio-quiet sources tend to lie closer than radio-loud sources. The K-S test also suggests that radio-quiet and radio-loud subsamples are not drawn from the same luminosity distribution. P-values for the K-S test are small, from 0.013 to ∼ 10 −26 . Radio-loud sources are on average more luminous than radioquiet sources. This holds for all wavebands. Examples of radioloud and radio-quiet luminosity distributions are shown in Online Figure 2. 14 http://www.sdss.org/dr5/algorithms/sdssUBVRITransform.html 15 http://www.sdss.org/dr5/algorithms/fluxcal.html#sdss2ab
Black hole mass estimation
There are three methods commonly used to estimate the black hole mass (M BH ) in AGN. These methods make use of the stellar velocity dispersion of the bulges (σ * ), the mass of the bulge (M bulge , Bentz et al. (2009)) , and FWHM(Hβ) or FWHM(Hα). We calculated M BH estimations using the FWHM(Hβ) -luminosity mass scaling relation (see Greene & Ho (2005) 
where L 5100 is the monochromatic luminosity at 5100Å. L 5100 and FWHM(Hβ) values were taken from Zhou et al. (2006) . We used this method because there is no comprehensive enough information about σ * or L bulge for our sources. However, it does not take into account possible inclination effects caused by the geometry of the broad-line region (BLR) of the source and the viewing angle (Decarli et al. 2011) . NLS1 sources also tend to lie below the normal M BH − σ * and M BH − L bulge relations (Mathur et al. 2001; Laor 2001) .
We were able to estimate the M BH for 275 sources. The mean values and standard deviations are shown in Table 3 , and the black hole mass estimates for individual sources are listed in Online Table 2 .
The K-S test for M BH suggests that the radio-quiet and radio-loud subsamples are not drawn from the same distribution (p=2.04×10 −4 ). On average radio-loud sources have more massive black holes than radio-quiet sources. McLure & Jarvis (2004) got similar results for a large sample of quasars (6099 radio-quiet and 436 radio-loud sources). The M BH distributions of the radio-loud and radio-quiet subsamples are shown in Figure 3 . Fig. 3 : Black hole mass distribution of the radio-quiet and radioloud subsamples.
Multiwavelength correlations
Results of multiwavelength correlations in literature are diverse and especially for NLS1 sources also very sparse. Arshakian et al. (2010) found L R, total -L O correlation for a sample of ∼100 quasars, and L R, jet -L O correlation for BL Lac objects (∼18). Ballo et al. (2012) concluded that in a sample of 852 quasars and 14 Seyfert galaxies there is L R -L X correlation but no L O -L X correlation, whereas Brinkmann et al. (2000) found a correlation for both in a mixed sample. L R -L X correlation has also been found in several other studies (Younes et al. (2012) for six LINER 1 sources, Panessa et al. (2007) for 47 Seyfert galaxies and 33 low-luminosity radio galaxies, Bianchi et al. (2009) for 156 radio-quiet X-ray unobscured AGN). Connection between radio and gamma-ray emission in radio-loud AGN has been confirmed by, for example, Jorstad et al. (2001) , Lähteenmäki & Valtaoja (2003) and Nieppola et al. (2011) , and between mm and submm and gamma-ray emission by León-Tavares et al. (2012) . We used Pearson product-moment correlation coefficient (Pearson's r), Spearman's rank correlation coefficient (Spearman's ρ) and Pearson and Spearman partial correlation coefficients to study how the different wavebands are connected. The correlation is significant and the null hypothesis rejected if p<0.05.
We computed correlations for the flux densities for the whole sample and for all the subsamples individually. The correlations are shown in Table 4 and the most significant results are shown in Online Table 5 . The flux densities used to calculate the results presented in Table 5 are the optical and radio flux densities used to calculate the radio-loudness, WISE W1 infrared flux density, and RASS X-ray flux density. We used SDSS g-band because it is closest to B-band which we used to calculate the radio-loudness. All the infrared and optical bands had very similar correlation results, therefore we present correlations for just one infrared and one optical band.
The same correlations were computed also for luminosities, and in addition we determined the Pearson's r and Spearman's ρ partial correlation coefficients for all the correlations shown in Table 4 . For luminosities the used wavebands are FIRST, SDSS g-band, WISE W1-band, and RASS. The results are again presented for one infrared and one optical band due to the similarity of the results in all bands. For partial correlations we used redshift as the third parameter to rule out the possibility that the possible correlation is not real but caused by redshift. The main results for partial correlations are shown in Table 6 and L-L plots in Online Figure 4 . All other calculated multiwavelength correlations, e.g., the other optical and infrared wavebands, all luminosity correlations, and correlations for the X-ray selected samples did not differ significantly from the results presented here so they are omitted.
In addition to flux density and luminosity correlations we studied correlations M BH -RL, M BH -L (Table 12) , and FWHM(Hβ) -L (Table 13 ). They are discussed in more detail in Sections 3.5, 3.6, and 3.7.
In order to get more insight into whether the origin of the emission at certain wavebands is the same in our radio-quiet and radio-loud subsamples, we computed linear fits (y = ax + b) for flux densities and luminosities between different wavebands by using the least squares method. Totally distinct slopes would suggest a different origin. Results for the fits for flux densities are shown in Online Table 7 and for luminosities in Online  Table 8 .
The multiwavelength correlations and linear fits are discussed in the next section.
3.3.1. Radio-loud and radio-quiet sources
The results for flux density, luminosity, and partial luminosity correlations were similar.
In the radio-loud subsample the optical band correlates rather well with the infrared (all subsamples) and X-ray (RL sample as a whole but not for VRL and SRL subsamples separately) bands. The correlation between the optical and radio bands becomes obvious only when looking at the VRL and SRL subsamples. This suggests that in radio-loud sources radio, optical, and at least partially also X-ray emission come mostly from the jet as the jet emits low-energy synchrotron radiation (radio emission) and high-energy IC emission (X-ray emission). However, a portion of the X-ray emission might also originate in the hot corona of the accretion disk via IC. Similarly, optical emission is supposedly composed of non-thermal emission from the jet and thermal emission from the accretion disk. Radio and infrared emission do not correlate (except for the SRL subsample which, however, is very small and therefore the correlation cannot be considered convincing) which might indicate that infrared emission is rather of thermal than non-thermal origin, for example, from the dusty torus (reprocessed emission from the accretion disk) or from star formation (reradiated starlight) (Bressan et al. 2006) . Radio emission does not correlate with X-rays either. This is probably due to the very high and rapid X-ray variability exhibited by NLS1 sources (e.g. Leighly (1999) ; Komossa & Meerschweinchen (2000) ). X-ray emission is variable in very short time scales, and since we have only one X-ray waveband observation per source, the observed X-ray flux value is highly coincidental. We also do not have any simultaneous radio and X-ray data.
In the radio-quiet subsample the optical band correlates very well with the infrared, and moderately well with radio and Xray bands. Due to the radio-quietness of these sources it is likely that they do not host a jet or the jet is not powerful enough to dominate the emission. The predominant source of radio emission in the radio-quiet subsample could therefore be supernova remnants (Condon 1992) . In fact, radio emission does not correlate too well with the X-ray emission which probably is produced in the hot corona of the accretion disk via IC. As for the optical emission, it probably comes from the accretion disk. Radio and infrared bands correlate moderately well which suggests that infrared emission is generated by star formation as reradiated starlight (Botticella et al. 2012) . However, dust heated by the AGN should also be taken into account when modeling both radio-quiet and radio-loud AGN (Mason et al. 2013) .
Linear fits for flux densities and luminosities show very different slopes for the radio-quiet and radio-loud subsamples. For example, S IR -S R slope for the radio-quiet subsample is 0.759, whereas for the radio-loud it is 0.070. Corresponding slopes for luminosities are 0.754 and 0.373. This suggests that the infrared emission mechanism is different for the radio-quiet and radioloud sources. 
Principal component and cluster analysis
Principal component analysis (PCA) is a statistical method used to simplify large amounts of data. It converts a set of possibly correlated variables into a set of uncorrelated variables called principal components, or eigenvectors. The first principal component accounts for as much of the variability in the data as possible. The second principal component has as large a variance as possible while still being orthogonal to the first principal component, and so on. This method makes it possible to find underlying connections and the most dominant variables in a data set, and possibly helps to identify the physical properties connected with each eigenvector. A good overview of the PCA in astronomy can be found in Francis & Wills (1999) . Boroson & Green (1992) used PCA to study the optical properties of 87 quasi-stellar objects (QSO). In their study Eigenvector 1 (EV1) is dominated by the anticorrelation between the strength of Fe II, and the strength of [OIII] λ5007 and FWHM(Hβ), and Eigenvector 2 (EV2) distinguishes between the strength of He II λ4686 and optical luminosity. This study was continued in Boroson (2002) where 75 sources were added to the original sample. The results for the first two principal components were similar to the earlier study. They suggest that EV1 corresponds closely to the Eddington ratio, L/L Edd , and EV2 to the accretion rate. Xu et al. (2012) studied a sample of narrow-line and broad-line Seyfert 1 galaxies using PCA. Their results were consistent with Boroson & Green (1992) and Boroson (2002) . In a study of 110 soft X-ray -selected AGN, of which about half were NLS1 galaxies, Grupe (2004) found the EV1 to be similar to the EV1 in Boroson (2002) . EV2 in their study correlated strongly with the black hole mass.
We performed weighted principal component analysis (PCA) using the pca 16 function in MATLAB Statistics Toolbox for the whole sample (97 sources), the radio-loud subsample (41 sources), the radio-quiet subsample (56 sources), and the corresponding modified samples (super radio-loud outlier, SDSS J104732.68+472532.1, removed). We carried out PCA with seven variables for all samples. The variables used were the radio flux density (FIRST), infrared flux density (WISE W1-16 http://www.mathworks.se/help/stats/pca.html band), optical flux density (SDSS g-band), X-ray flux density (RASS), M BH , FWHM(Hβ) (Hβ broad component FWHM), and R4570 (optical Fe II strength relative to broad Hβ component). We included R4570 to the PCA because it is possibly related to the radio emission. For example, Yuan et al. (2008) found that the optical Fe II emission is on average stronger for radio-loud NLS1 sources than for the NLS1 population in general. Values for FWHM(Hβ) and R4570 were taken from Zhou et al. (2006) . To start with, we tried several combinations of variables and, for example, correlated M BH , in the cases when it was left out of the PCA, with the Eigenvectors along the lines of Xu et al. (2012) and Grupe (2004) . Unfortunately, most of these experiments did not yield any convincing results so instead we changed the focus of the analysis to how the different properties are linked to each other, and therefore decided to include M BH in the PCA. This proved to be a more informative approach.
Results only for the first and the second principal components are presented because the results for the subsequent components were mixed and no conclusions could be drawn from them. The PCA coefficients are listed in Tables 9 and 10 . In the tables, the coefficients have been grouped together based on their sign, i.e. whether they correlate or anticorrelate with the Eigenvector. In this way, it is easier to see which properties might be linked to each other.
We also tried cluster analysis for our whole sample in order to see if there are any distinguishable groups within our sample. We tried both hierarchical clustering and k-Means clustering with five variables: radio flux density (FIRST), infrared flux density (WISE W1-band), optical flux density (SDSS g-band), X-ray flux density (RASS), and M BH . Cluster analysis did not yield any compelling results. EV1 accounts for 34% -37% of the variance. In all samples and subsamples EV1 distinguishes between M BH and both optical and infrared emissions. The latter two are always connected. X-ray emission behaves similarly to infrared and optical but contributes less. Radio emission is rather insignificant except in the radio-quiet subsample where it is connected with optical and infrared, confirming the suggestion that in the radio-quiet sources radio emission is rather of stellar origin. FWHM(Hβ) is strongly connected with M BH except in the radio-quiet subsample where it is less significant. R4570 is rather insignificant in all samples. In all cases for EV1 the optical and infrared wavebands seem to be tightly connected, and opposite to M BH and FWHM(Hβ). In the radio-quiet subsample also radio emission is connected with optical and infrared. In all cases the X-ray band behaves similarly to infrared and optical. These results suggest that optical and infrared emission (and up to some extent X-ray emission) -and in radio-quiet sources also the radio emission -are either of thermal or stellar origin i.e. not generated in a jet. The significance of M BH implies that EV1 might be similar to EV2 in Grupe (2004) .
Eigenvector 2
19%-24% of the variance is explained by EV2. It clearly distinguishes between R4570 and FWHM(Hβ) in all samples. To some extent also infrared and optical seem to be connected to FWHM(Hβ). Since EV2 is dominated by the anticorrelation of R4570 and FWHM(Hβ) it is similar to EV1 found in Boroson & Green (1992) ; Boroson (2002) and Xu et al. (2012) .
Eddington ratio and eigenvector interpretation
In order to get more insight into the connection between the Eigenvectors and the physical properties of our sources, we calculated the Spearman rank correlation coefficients between the Eigenvectors and the Eddington ratio (L bol / L Edd ). To compute the Eddington ratio we used the estimations L bol = 9λ L 5100 (Kaspi et al. 2000) and Xu et al. 2012) . Logarithmic mean, minimum, and maximum values for the Eddington ratio are -0.13, -0.75 and 0.48, respectively. The correlation results are shown in Table 11 and Online Figure 5 .
EV2 strongly correlates with the Eddington ratio, and the correlation seems to be slightly better for the radio-loud samples. Similarly, Xu et al. (2012) found a correlation between their EV1 and the Eddington ratio. We also tried PCA with five variables -without FWHM(Hβ) and R4570 -and interestingly found no correlation between EV2 and Eddington ratio. I t seems that the connection is generated by FWHM(Hβ) and R4570. This is supported by the results that FWHM(Hβ) and R4570 correlate strongly with Eddington ratio. For FWHM(Hβ) -L bol / L Edd correlation ρ = -0.71 (p=∼ 10 −16 ), and for R4570 -L bol / L Edd correlation ρ = 0.63 (p=∼ 10 −12 ). A weak correlation between EV1 and the Eddington ratio exists only for the radio-quiet sample.
As Grupe (2004) also points out, each sample has its own eigenvectors that depend on the parameters used and their range. In the earlier studies mixed samples, or samples not including NLS1 galaxies at all, have been used whereas we have looked at a pure NLS1 sample. Particularly in Boroson (2002) and Xu et al. (2012) the distribution of NLS1 galaxies, and also other pure samples containing just one source type, with respect to the two eigenvectors seems rather different from the distribution of the whole sample; distribution along EV2 is emphasized in the NLS1 group. This might indicate that the properties that appear in EV1 of the mixed samples, emerge in EV2 of pure samples. This could, for example, be interpreted as a sequence of properties that change from one source type to another thus creating the EV1 in mixed samples, and which is transformed to a sequence of properties within a pure sample of just one source type but in a less significant role (EV2 of our NLS1 sample). EV1 of our NLS1 sample would then describe those properties that cause most of the differences within that source type only. We also tested our analysis by performing it with optical data only, as has been done in the earlier studies, in case our additional data at other wavelengths or the black hole mass might influence the result. Variables used were the SDSS g-band flux density, λL5100Å, F(Hβ), FWHM(Hβ), F([OIII]) and R4570. The values for additional optical variables were taken from Zhou et al. (2006) . This, however, did not change our results. 
M BH -radio-loudness correlations
Whether the correlation M BH -RL in AGN really exists has been widely studied. The results are contradictory. Some studies suggest that the correlation exists (e.g., Laor ( (2013)) whereas others conclude that there is no correlation (Oshlack et al. 2002; Woo & Urry 2002b) or the correlation at least is not clear (Ho 2002; Woo & Urry 2002a) . In a study of 47 NLS1 galaxies Whalen et al. (2006) found an anticorrelation between M BH and RL. We found that the black hole mass and the radio-loudness weakly correlate for the whole sample with Pearson's r = 0.244 (p =∼10 −5 ) and Spearman's ρ = 0.212 (p=∼10 −4 ). This indicates that NLS1 galaxies with more massive black holes are more likely to be able to lauch powerful relativistic jets and are therefore louder at radio frequencies. Komossa et al. (2006) noticed that in the Laor diagram (M BH -RL (Laor 2000)) NLS1 galaxies are located in a region formerly very sparsely populated with sources with rather small black hole masses (given their radio-loudness) compared to other AGN. We constructed a Laor diagram of our whole sample (Figure 6) . Most of our sources also lie outside the formerly populated regions shown in Figure 4 in Komossa et al. (2006) . We calculated the correlations using the FIRST, SDSS gband, WISE W1-band, and RASS luminosities. The results are presented in Online Table 12 and M BH -L plots in Online Figure 7 . M BH and luminosities at all wavebands correlate well for the whole sample and all subsamples; the correlation is strongest between M BH and L O , and M BH and L IR . This suggests that the more massive the black hole the more powerful the AGN. In radio-loud NLS1 sources, where most of the emission supposedly comes from the jet, this suggests that more massive black holes have more powerful jets. In radio-quiet sources, if radio emission comes from supernova remnants and infrared emission from star formation, it is harder to explain why M BH correlates with L R and L IR .
FWHM(Hβ) -luminosity correlations
The wavebands used were the same as before. The results for the FWHM(Hβ) -L correlations for the whole sample and the subsamples are presented in Online Table 13 . FWHM(Hβ) and luminosities in general correlate, although relatively weakly, for the whole sample and subsamples. Exception to this is the Xray waveband which does not correlate with FWHM(Hβ). Also there does not seem to be any correlation among the very radioloud and super radio-loud subsamples. This might be due to the very limited sizes of these samples. For the whole sample the strongest correlation is for FWHM(Hβ) -L O .
3.8. WISE blazar strip Massaro et al. (2011) showed that WISE colors can be used to differentiate sources dominated by thermal or non-thermal emission on a [3.4]-[4.6]-[12] µm color diagram. Using a large sample of blazars they constructed the WISE γ-ray strip (WGS); a region populated by sources dominated by non-thermal emission. WGS makes it possible to identify new γ-ray emitters based on their WISE colors. We made use of this identification tool and constructed the WISE color diagram for our sources and for the whole Zhou et al. (2006) sample. We used the parametrizations presented in Massaro et al. (2012) . They provided parameters for two partly overlapping strips; one for BL Lac objects and another for flat spectrum radio quasars (FSRQs).
The WISE color diagram constructed for our sample, WGS, and approximate regions populated by other types of sources (ultra luminous infrared galaxies, ULIRGs; luminous infrared galaxies, LIRGs; low-ionization nuclear emission-line region galaxies, LINERs) are shown in Figure 8 . 72.7% of all, 57.8% of radio-quiet and 79.7% of radio-loud sources are located inside the WGS. The properties (e.g., radio-loudness, flux densities, luminosities, and M BH ) for these sources are average compared to the whole sample. This suggests that infrared emission is of non-thermal origin and that most of our sources should host a jet. Some of our results are contradictory to this (see On the origin of infrared emission in Section 4). We expected that the difference between radio-quiet and radio-loud sources would be bigger since radio-loud sources should host a jet whereas radioquiet should not. The reason for so many radio-quiet sources lying inside the WGS is unclear, but there are a few possible explanations. It might be that for some, yet unclear reason WGS does not apply for NLS1 galaxies. This might be due to the enhanced star formation in the circumnuclear regions of NLS1 galaxies because the star formation process is 'boosting' the infrared colors. Another possibility is that these sources really host a jet, but it is not powerful enough to dominate the whole electromagnetic spectrum.
1348 out of 1943 WISE detected sources from Zhou et al. (2006) lie inside the WGS. This is nearly the same percentage (69.4%) as in our sample which indicates that our sample represents the whole sample well.
Discussion
On the origin of infrared emission. Linear slope fitting suggests that infrared emission from radio-quiet and radio-loud sources has a different origin, supposedly thermal in radio-quiet and non- thermal in radio-loud sources. Multiwavelength correlations indicate that infrared emission in radio-quiet sources might be thermal whereas WGS indicates that it is non-thermal. The WGS also suggests that the origin in radio-loud sources is non-thermal. On the other hand the multiwavelength correlation results for radio-loud sources suggest that infrared emission is of thermal origin. Principal component analysis suggests that the origin of the infrared emission in both radio-loud and radio-quiet sources is of thermal origin. Thus the source, or sources, of the infrared emission in NLS1 galaxies remains unclear. It is possible that non-thermal, reradiated (from torus), and star forming processes all contribute to the infrared emission. More infrared observations of large NLS1 samples are needed in order to study the origins of the infrared emission in more detail.
Parent population. The results for the K-S test for luminosities, redshift, and black hole masses indicate that the parent population for the radio-loud and radio-quiet NLS1 sources is different. Still they have many similar properties, for example, the optical spectrum, which suggests that they are from the same or from very similar parent populations. To get an insight into the differences between the radio-loud and radio-quiet populations, a proper characterization of the host galaxies of radioloud and radio-quiet sources is needed to see whether the differences might be related to the host galaxy type. Differences in black hole masses between the radio-quiet and radio-loud sources might also suggest an evolutionary line.
In our sample, radio-quiet sources tend to lie closer than radio-loud sources. This may also be related to AGN evolution; AGN were more numerous and luminous in the past. AGNs with more massive black holes -and thus higher luminositiesevolved first and were highly active in the past. They evolved to be less luminous or entirely quiescent sources, e.g., normal nonactive galaxies. Low-luminosity sources with lower mass black holes emerged later and are much more numerous in the present Universe (Beckmann & Shrader 2012) . Also the significant z -RL correlation (Pearson's r = 0.474, p=∼ 10 −18 and Spearman's ρ = 0.497, p=∼ 10 −19 ) supports these results; radio-quiet sources tend to lie closer than radio-loud.
In the current unification models differences between Type 1 and 2 Seyfert galaxies are explained with orientation and obscuration effects. In these models, Seyfert 1 galaxies are viewed pole-on, unobstructed, while Seyfert 2 galaxies are viewed edgeon through obscuring matter in the accretion disk (e.g. Miller & Antonucci (1983) and Antonucci (1993) ). However, evidence against the simple unification model of Seyfert 1 and 2 galaxies has lately accumulated. Several studies have shown that approximately 50% of Seyfert 2 galaxies do not show a hidden broad-line region (HBLR) in their polarized optical spectra. This suggests that not all Seyfert 2 galaxies harbor a nucleus similar to Seyfert 1 galaxies. It seems that non-HBLR Seyfert 2 galaxies accommodate weaker nuclei that do not exhibit typical BLRs. HBLR and non-HBLR Seyfert 2 galaxies have also other differences such as luminosity and accretion rate (e.g., Tran (2001 Tran ( , 2003 (2006) studied NLS1 and non-HBLR Seyfert 2 galaxies, and suggested that they can be unified based on orientation; non-HBLR Seyfert 2 galaxies are NLS1 galaxies viewed edge-on. This result is, however, debatable since the sources have many unexplained differences, for example, non-HBLR Seyfert 2 galaxies do not show Fe II emission lines (Yu et al. 2013 ). Furthermore, Decarli et al. (2008) studied the properties of NLS1 and BLS1 galaxies. They showed that when assuming a disk-like BLR and pole-on orientation of NLS1 galaxies, some of the observed differences between NLS1 and BLS1 galaxies can be explained.
AGN unification models are currently under constant revision; the question how NLS1 galaxies fit in remains open.
Summary
In this study the aim was to further our understanding about Narrow-Line Seyfert 1 galaxies, which are a new class of γ-ray emitting AGN. We addressed this issue by studying emission processes and properties of NLS1 galaxies, and also studied how these properties are connected with other AGN properties. To this end, we have compiled the largest multiwavelength database of NLS1 galaxies so far. This data set should be useful in the future as it permits easy identification and comparison of properties of new γ-ray NLS1 sources to be detected by Fermi or other facilities.
The main results of this study are:
1. The distributions of radio-quiet and radio-loud NLS1 galaxies in redshift, luminosity, and black hole mass are different. Radio-quiet sources also tend to lie closer than radio-loud sources. 2. NLS1 sources with more massive black holes are more likely to be able to lauch a powerful relativistic jet. 3. Multiwavelength correlations suggest that radio-loud sources host a jet which is the predominant sources of the radio, optical, and at least partially also X-ray emission. The origin of the infrared emission remains unclear. 4. Radio-quiet sources do not host a jet or the jet is very weak.
Radio and infrared emission are more likely to originate from star formation processes, and optical and X-ray emission from the inner parts of the AGN.
While the results of this study mainly confirm what is already known of NLS1 galaxies, they also serve as a comprehensive starting point for further studies, for example, at high radio and infrared frequencies where the information so far is scarce. Open questions in need of more investigation include, for example, the origin of the infrared emission in NLS1 galaxies and the differences between radio-quiet and radio-loud sources (i.e. the question of the parent population). Simultaneous multiwavelength observations of especially radio-loud NLS1 sources should be very useful in modeling and understanding their emission properties. Studies of NLS1 galaxies may also provide us with a further look at AGN evolution and activity in general, and the evolution of relativistic jets. Komossa et al. (2006) . A&A-artikkeli2, Online Material p 27 A&A-artikkeli2, Online Material p 28 Fig. 7 : Dependencies between the black hole mass and luminosities. Subsamples are shown with different symbols and colors; radio-quiet: filled red stars, radio-loud: open blue circles, very radio-loud: filled green circles, and super radio-loud: filled purple squares.
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